The Carina Nebula is an active star forming region in the southern sky that is of particular interest due to the presence of a large number of massive stars in a wide array of evolutionary stages. Here we present the results of the spectroscopic analysis of 82 B-type stars and 33 O-type stars that were observed in 2013 and 2014. For 82 B-type stars without line blending, we fit model spectra from the Tlusty BSTAR2006 grid to the observed profiles of Hγ and He λλ 4026, 4388, and 4471 to measure the effective temperatures, surface gravities, and projected rotational velocities. We also measure the masses, ages, radii, bolometric luminosities, and distances of these stars. From the radial velocities measured in our sample, we find 31 single lined spectroscopic binary candidates. We find a high dispersion of radial velocities among our sample stars, and we argue that the Carina Nebula stellar population has not yet relaxed and become virialized.
INTRODUCTION
The Carina Nebula is one of the most active star forming regions located nearby in our Galaxy, containing many massive stars spanning across the evolutionary spectrum. The brightness, proximity, and size of Carina (more than 1 deg 2 on the sky) make it an ideal candidate for study as it provides a window into the entire stellar formation and evolution process. It has been the subject of several recent, large surveys including the Chandra Carina Complex Project (CCCP) (Townsley et al. 2011) , the VISTA Carina Nebula Survey (Preibisch et al. 2014) , and the VST Photometric Hα Survey (VPHAS+) (Mohr-Smith et al. 2017 ).
With over 200 massive OB stars (Gagné et al. 2011 ) and 1400 young stellar objects (YSOs; Povich et al. 2011) , study of physical parameters of these stars can provide insight into stellar formation across the nebula. Huang & Gies (2006) measured the effective temperature (T eff ), surface gravity (log g), projected rotational velocity (V sin i), and helium abundance of 39 stars spread across clusters Collinder (Coll) 228, Trumpler (Tr) 14, and Tr 16 in Carina. Berlanas et al. (2017) recently performed a preliminary study of 14 O-type stars observed in the Gaia-ESO Survey (GES). While both of these studies give an initial look into the spectroscopic parameters of the stars in Carina, there is still a need for a broader study of the stars throughout the rest of the nebula.
In a previous paper (Alexander et al. 2016) , we spectroscopically classified 36 O-type stars and 128 B-type stars scattered throughout the nebula, confirming 23 new OB-type stars. We present here the results of the measurements of physical parameters of the observed B stars from Alexander et al. (2016) . This paper should provide the current largest and most comprehensive catalog of spectroscopic parameters of massive stars in the Carina Nebula.
Section 2 briefly describes the observations and data reduction of the spectra. In Section 3, we discuss how we measured, via model fitting with the Tlusty BSTAR2006 grid, T eff , log g, and V sin i of these stars. Comparing these results to the evolutionary tracks and isochrones, we also measure
STELLAR PHYSICAL PARAMETERS
We used the non-local thermodynamic equilibrium (NLTE) Tlusty BSTAR2006 (Lanz & Hubeny 2007 ) model spectra to measure T eff , log g, and V sin i of our observed B-type stars. BSTAR2006
offers several grids with different metallicities and microturbulent velocities. For our purposes, we assumed a solar metallicity (Z/Z = 1) and a microturbulent velocity of V t = 2 km s −1 .
The value for microturbulent velocity is not very important in this situation because He I λλ 4471, 4388, and 4026, which we used to measure V sin i, are not very sensitive to V t (Lyubimkov et al. 2004 ).
Before fitting the stars, we first estimated the T eff and log g for a star based on the strength and shape of the Balmer and helium lines in our spectra. Using custom IDL codes, we measure V sin i by artificially broadening the model spectra for instrumental and rotational broadening across a series of 10 km s −1 steps. We then compare the sum of the squares of the residuals (Σ(O-C) 2 ) for each step and determine minimal value of a parabolic fit as the value for V sin i for a given line. The error associated with this measurement was calculated by finding fits that fell at or below a 5% tolerance in Σ(O-C) 2 . We used the He I λλ 4026, 4388, and 4471 lines for the fitting process, and then a weighted average is calculated as our measured V sin i. The measurements for V sin i of all the helium lines as well as the weighted average are recorded in Table 1 .
After measuring V sin i, we then modeled the spectra at Hγ for T eff and log g along each point in the BSTAR2006 grid. Once we found the closest fits within grid, we then interpolated between grid points via a linear scaling of the models to find the best fit for T eff and log g. Errors for T eff and log g were calculated by finding fits that fall at or below a 10% tolerance in the Σ(O-C) 2 because we fit for the two parameters simultaneously. T eff and log g are recorded in Table 2 .
The earliest B stars have temperatures near T eff = 30,000 K, at the edge of the BSTAR2006 grid, resulting in errors in T eff that are likely underestimated. Comparing our measured T eff with the spectral types in Alexander et al. (2016) , we note that some of the stars appear hotter than expected. A hotter B-type star has a smaller Hγ equivalent width, and their expanding atmospheres will produce emission that will partially fill in the line profile further, making the star appear hotter still. These stars will be analyzed again along with the O-type stars in our sample in a future paper. On the other hand, other B stars appear cooler than expected, which may be a result of unseen binary line blending. Here, the cooler companion's Hγ profile is artificially increasing the measured line strength.
Overall, we find that the temperatures of our earliest B-type stars may be up to 9,000 K cooler than their spectral type suggests, so our formal errors represent only part of the true uncertainty.
Due to the difficulty of sky subtraction and the brightness of Carina in the hydrogen recombination lines, our spectra frequently have nebular contamination at the cores of the Balmer lines that are challenging to properly account for. When present, we ignore the affected wavelengths during the fitting process. This leads to larger errors in our measurements for T eff because we lose information about the line core.
As the effect of log g is mostly present in the wings of the spectral lines, we find that continuum fitting causes a systematic error of ∆ log g syst ∼ 0.1 dex. To compensate for this systematic error, the errors, ∆ log g, presented in Table 2 are computed using the formal error from our model fitting added in quadrature with the systematic error from the continuum fitting process. We also include an HR-Diagram of our observed stars in Figure 1 . Huang & Gies (2006) performed a similar analysis among a sample of O-and B-type stars in Carina, of which we share 13 B stars. A comparison of our results is shown in Figure 2 . Our V sin i measurements agree within error, with the sole exception of Tr 16-25. We suggest that Tr 16-25 may be a double-lined spectroscopic binary (SB2) considering the large discrepancy between our results.
It's possible that the different observation times could have caught the binary system at different stages of the orbit, resulting in different blends of the spectral lines, so measurements of V sin i would differ.
The effective temperatures that we measured seem to have a noticeable increasing trend as the temperature increases. In their paper, Huang & Gies (2006) use the local thermodynamic equilibrium (LTE) ATLAS9 atmospheric models to measure T eff and log g in contrast to the NLTE Tlusty models we used. It has been shown that LTE models can sufficiently describe cooler stars below T eff < 22,000 K (Przybilla et al. 2011) and that NLTE models are required for hotter O-and B-type stars. This explains the large discrepancy for our stars with T eff > 27,000 K. Our measurements for log g are consistent with Huang & Gies (2006) .
A straightforward application of our measurements is to compare T eff and log g to model evolutionary tracks to measure the mass (M ), radius (R ), and age (τ ) of the stars in our sample. Using the non-rotating versions of the evolutionary tracks offered by Ekström et al. (2012) , we can measure these parameters by doing a linear interpolation between the evolutionary tracks. These values, as well as the calculated bolometric luminosity (L bol ), are included in quantity are measured by varying T eff and log g by their respective errors.
As an active star-forming region, the distribution of the stars across the nebula can provide insight into the structure and features of Carina. The stellar age distribution in Figure 3 shows that while there are very young stars scattered throughout the nebula, the oldest B stars in the nebula reside in the Tr 15 cluster. The overall dearth of O-type stars in that cluster, as well as the notably thinner nebulosity in the Tr 15 region, suggest that Tr 15 is the oldest cluster in the nebula. Our results also indicate that Tr 14 is a younger cluster than Tr 16, agreeing with similar conclusions in and the WEBDA database.
The public data releases from the Gaia-ESO Survey (GES) have been highly anticipated for their calibrated spectroscopy and derived astrophysical parameters. With this in mind, we measured the radial velocities (V r ) of all observed O and B stars using a simple parabolic or Gaussian fit of the core of the more prominent spectral lines. We used 12 spectral lines 1 across both wavelength regions.
Comparing the radial velocities across both epochs, we find that 21 of the 75 (28%) B stars had V r shifts more than three times the error of the weighted mean V r . We classify these as single-line spectroscopic binary candidates (SB1c). The results of our radial velocity measurements of the B-type stars can be found in Table 3 .
We also include Table 4 which lists the radial velocity measurements of the O-type stars in our sample. These stars are not the intended focus of this publication, but we believe these results will be beneficial for anyone using the GES data releases for analysis of the Carina region. We found 10 of the 31 (32.3%) O stars are SB1 candidates. Further work on the physical parameters of these O-type stars will be forthcoming in a future paper.
To compare the frequency of our detection of SB1 candidates with what we would expect with a year between measurements, we created a simple code to model the radial velocities of O-and B-type stars. We started by choosing random partners and periods for the stars using the IMF indices calculated by Kiminki & Kobulnicky (2012) . The inclination angle and phase angle of the orbit were also randomly generated. We assumed a binary fraction of 30% < B.F. < 60% following the study by Kiminki & Kobulnicky (2012) for binaries with P < 1000 days. We found that we should expect that 19.3 -38.6% of O-and B-type stars would exhibit large V r shifts using only two observations with a year between them. This is consistent with our finding that 29.2% (31 of 106) of our observed O-and B-type stars are SB1 candidates.
In Table 5 , we include the radial velocity measurements of the known SB2 systems that we observed that had separate line cores and were not entirely blended together. The radial velocities of the assumed primary star are marked as V r,p while the secondary stars are marked as V r,s . The components in HD 303313, HD 93506, LS 1840, and HD 92607 have similar spectral types, making the distinction between the primary and secondary stars impossible.
As a large star forming region, we expect that the stars in Carina will have relatively similar radial velocities, but we find that there is a large V r dispersion across the nebula. Figure 4 shows the distribution of radial velocities of the observed stars. Known and candidate binaries are not included.
Overall, we find that V r = -7.14 ± 13.10 km s −1 for stars in Carina. The stars HD 93343 and HD 303304 have |V r − V r | > 30 km s −1 and may be runaway stars from their respective birthplaces.
Other stars might also be runaways if their proper motion is sufficiently high.
We show the positional distribution of our radial velocity measurements in Figure 5 . About half of the stars with high blueshifts are located far away from their main clusters, suggesting that they may also be runaways. Similarly, the majority of the redshifted stars are located outside of the major clusters, with some being in low extinction (A V ) windows. These stars may also be a runaway population, a background OB population, or a mixture of both.
Carina lies in a complicated part of the Galaxy because it is near the tangent point of the SagittariusCarina spiral arm. The recombination and forbidden lines associated with the H II region occupy a larger range of radial velocities (-50 to 50 km s −1 ) than does our OB population (Damiani et al. 2016 ). This isn't surprising, given that feedback from the OB stars drives expansion of the nebula.
There is a persistent, two-peaked velocity structure in the nebular lines with (V blue , V red ) = (-30,10) km s −1 = V cm ± 20 km s −1 (Damiani et al. 2016) . The peak of the velocity distribution of our observed OB stars fits between these two peaks. The densest molecular clouds associated with the Carina Nebula are found toward the negative end of our OB velocities, near -20 km s −1 (Rebolledo Looking at the V r distribution in Figure 4 , we can imagine that the stars with V r > 0 km s
form a more distant component behind Carina, as suggested by Rebolledo et al. (2016) . Using the measured luminosities of the stars that are not in known or candidate binary systems, and the available data on the apparent magnitudes and A V , we can estimate the distances to these stars.
Our results can be found in Table 6 . The bolometric corrections (BC) in column 4 are interpolated from Flower (1996) and Torres (2010) . The visible apparent magnitudes (m V ) in column 8 are from the SIMBAD database unless otherwise marked, with assumed uncertainty of 0.1, and the A V values in column 9 come from Povich et al. (2011) . The distances in Table 6 have large uncertainties, and we expect that Gaia parallaxes will resolve the distance uncertainties. In Figure 6 , we plot the derived distances against our measured V r . We find that there is no particular trend between the two quantities, suggesting that the stars with V r > 0 km s −1 may not be background stars. The stars LS 1763 and Tr 16-26 could be background stars, with d > 6,000 pc; however the large uncertainties in their derived distances makes it difficult to be certain.
We find a large degree of V r dispersion, even in the OB populations associated with Tr 14, Tr 15,
and Tr 16, so we estimated the dispersion we might expect for these massive clusters. We assumed the clusters are virialized and tested cluster masses of 1,000 M or 10,000 M , and half-radii of 1 pc or 0.3 pc. This gives a range of V r dispersions from ∼2 km s −1 to ∼10 km s −1 . The upper part of this range is consistent with our observed dispersion, and it is quite possible that the Carina clusters are not in virial equilibrium, which would increase the expected V r dispersion. To check the status of virial equilibrium, we estimated the relaxation time of the individual clusters. We assumed that there are about 1,000 to 2,000 stars in the individual Carina clusters and that the stars have velocities within the clusters of around 1 to 10 km s −1 . We also assumed the clusters had radii ranging from 1 to 2 pc. The relaxation time for these modeled clusters range from ∼1.4 to ∼52 Myr. We know that the clusters like Tr 14 and Tr 16 are about 10 Myr in age (Getman et al. 2014 ), so it is likely that these clusters are not relaxed, further bolstering the likelihood that they are not yet virialized.
SUMMARY
Our goal with this paper was to create a catalog of spectroscopic parameters of a large sample of stars scattered throughout the Carina Nebula. Of the 128 B-type stars we spectroscopically classified in Alexander et al. (2016) , 82 of them had a S/N high enough to measure T eff , log g, V sin i, V r , M , τ , R , and L bol . With the recent and future public data releases from the Gaia-ESO Survey in mind, we also included the radial velocities of the B-and O-type stars in our sample, finding that about 29.2% of our sample are SB1 candidates. We do not find any relationship between distance and V r , implying that the high V r stars are probably not a collection of background stars viewed along the tangent of the Sagittarius-Carina arm of the Galaxy. Instead, we conclude that the Carina Nebula
has not yet virialized.
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